Abstract. The specific recognition pattern of antibodies produced by susceptible and resistant mice infected with the low virulence Paracoccidioides brasiliensis isolate (Pb265) was examined by an immunoblotting procedure and compared with that of antibodies produced by highly virulent isolate (Pb18) in infected mice. Both mouse strains produced IgG antibodies to 13 of the 16 major antigen bands, and showed a recognition pattern similar to sera from mice infected with the virulent isolate. Nevertheless, the reaction to components interposed among major bands (intermediate antigen bands of 75, 73, 68, 64, 33, 23, 22, and 12.5 kD) were detected exclusively with antibodies raised in response to the virulent P. brasiliensis isolate independent of the resistance pattern of the host. It was also demonstrated here that the most diversified repertoire of specific IgA was produced when the susceptible host and virulent fungus were associated.
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Paracoccidioides brasiliensis is the causative agent of paracoccidioidomycosis, a systemic granulomatous disease prevalent in many Latin American countries, especially Brazil. Patients with the chronic form of this disease present high levels of circulating antibodies that are directly related to the severity of the disease; the higher the antibody titers, the more severe the form of the disease. Studies on humoral immunity, using the murine isogenic model of paracoccidioidomycosis developed by Calich and others, showed a clear difference in the kinetics of specific IgM and IgG production by B10.A (susceptible) and A/Sn (resistant) strains of mice in the course of 16 weeks of infection.
1 Susceptible mice produced significant anti-P. brasiliensis IgM antibodies during the early stages of the infection and increased titers of IgG were detected later in the evolution of the disease; resistant mice had low titers of specific IgG during the whole course of the infection and a delayed peak of specific IgM at week 16 (Vaz CAC, unpublished data) . Thus, the antibody response produced in susceptible mice is similar to the profile of the immune response in human disease, in which IgG antibody levels increase with the dissemination of the disease and its clinical severity. Nevertheless, the pathophysiologic significance of the progressive production of antibodies in the course of severe forms of paracoccidioidomycosis is still unknown.
In a previous study using an immunoblotting assay, we characterized the antigenic components recognized by IgM and IgG antibodies produced in the susceptible and resistant mice infected with a highly virulent isolate of P. brasiliensis. 2 The following antigen bands were then defined as major antigen bands based on their high frequency in the immunoblots tested for IgG: 82 kD, 77, 62, 49, 43, 41.5, 36, 30, 27.5, 26, 21.5, 17, 15.5, 12, 11, and 10 kD. Comparisons between resistant and susceptible mice showed that the incidence of IgM responses to the 26-kD and 15.5-kD bands was higher in the susceptible strain while anti-41.5-kD and anti-12-kD IgM responses were higher in the resistant strain. Susceptible mice responded with the production of anti-17-kD and anti-10-kD IgM that were not detectable in the resistant strain. Although IgG antibody responses were very similar in both strains, anti-62-kD production was higher in the resistant mice. All sera tested for IgM and IgG antibody reacted with the 43-kD major antigen band that appeared in the blots as a large diffuse band ranging from 43 to 47 kD.
We now report the antibody responses produced in B10.A and A/Sn strains of mice inoculated with a P. brasiliensis isolate with very low virulence. The specific recognition patterns of IgM, IgG, and IgA isotypes produced in the course of 16 weeks of the infection are compared with the pattern previously observed in mice infected with a highly virulent P. brasiliensis isolate. 2 The different recognition patterns of the antibodies tested on blots of antigens from the low virulence and virulent isolates are also discussed.
MATERIALS AND METHODS
Mice. Male B10.A (susceptible) and A/SN (resistant) mice (8-12 weeks old) were derived from stocks originally obtained from the Jackson Laboratory (Bar Harbor, ME). Mice were housed in the Immunology Department of the University of São Paulo and were provided food and water ad libitum.
Fungal isolates. The isolates Pb265, a slightly virulent isolate, Pb18, a highly virulent one, were obtained from our fungal collection. 3 Isolate B-339 was obtained from A. Restrepo (Laboratory of Mycology, Hospital Pablo Tobón Uribe, Medellin, Colombia). The P. brasiliensis yeast cells were grown in semisolid culture medium of Fava-Netto at 35ЊC and used at the seventh day of growth. 4 Infection of mice. Groups of seven mice of the B10.A and A/SN strains were inoculated intraperitoneally with 5.0 ϫ 10 6 yeast cells (contained in 0.5 ml saline) of either the low virulence (Pb265) or highly virulent (Pb18) isolates. This infecting dose was chosen because it discriminates susceptible from resistant mice. Antigens. Culture filtrate antigens were prepared from cultures of a low virulent Pb265 P. brasiliensis isolate (Aglow) and from cultures of a virulent B-339 P. brasiliensis isolate (Ag-vir). The B-339 isolate was considered virulent based on the results of mortality experiments with B10.A mice. Instead of Pb18, the isolate used for infecting mice, B-339 was used for the antigen preparation because of its clear banding pattern in the immunoblottings.
Yeast cells were grown for seven days on slants of modified Sabouraud dextrose agar containing 0.01% thiamine and 0.14% asparagine, as described by Puccia and others. 5 These cells were used to inoculate 500-ml quantities of Sabouraud's broth. Flasks were maintained at 37ЊC in a gyratory shaker for seven days. The cells were killed with 0.02% merthiolate (w/v), left at 4ЊC overnight, and filtered through filter paper. The crude culture filtrate was concentrated under vacuum at 45ЊC, dialyzed for 48 hr against distilled water, and lyophilized. A single lot of each antigen preparation (derived from the virulent and the low virulence isolates) was used in all experiments.
Immunoblotting. Antigen preparations (70 g of protein in a volume of 90 l) were electrophoresed in 12.5% polyacrylamide gels containing 0.5% sodium dodecyl sulfate at 30 mA and 5ЊC for 2 hr in 0.1M Tris-glycine buffer, pH 8.3, according to Laemmli. 6 Five molecular mass protein standards (12-78 kD; Pharmacia, Uppsala, Sweden) were electrophoresed in parallel. Protein bands were visualized by staining the gel with India ink. 7 After electrophoresis, the separated components of the antigen preparations were transferred onto nitrocellulose (Hybond C; Amersham, Little Chalfont, Buckinghamshire, United Kingdom) at 0.2 mA and 5ЊC overnight in the buffer of Towbin and others, pH 8.3. 8 The nitrocellulose was cut into strips 0.3-0.5 cm wide. Protein binding sites were blocked with 0.5% bovine serum albumin in PBS-T. Molecules blotted onto the strips were probed with sera from the B10.A and A/Sn mice strains (50 l of each of the seven samples from each group were pooled and then diluted 1:40 in PBS-T). Incubation was done for 1 hr at room temperature with continuous agitation. After washing with PBS-T, the strips were exposed to peroxidase-conjugated rabbit anti-IgM, anti-IgG, and anti-IgA (Sigma, St. Louis, MO) at a dilution of 1:1,000 in PBS-T for 90 min at room temperature with continuous agitation. The substrate used was 3,3Ј-diaminobenzidine (Aldrich Chemical Co., Milwaukee, WI). Reactions were stopped with tap water after a maximum development time of 20 min. Mice sera were tested in duplicate. In a previous paper 2 , the protein bands were characterized as major antigen bands based on their frequency in the immunoblots of sera from susceptible and resistant mice tested for IgG antibodies. They were considered major when they were present at a frequency of not less than 50% at least in four of five data points studied. The components interposed among the major bands were characterized as intermediate antigen bands.
RESULTS
The specific recognition pattern of IgM, IgG, and IgA antibodies produced in B10.A and A/Sn mice infected with the low virulent Pb265 isolate was examined by an immunoblotting procedure using blots of Ag-vir (B-339) and Aglow (Pb265). The results herein described were analyzed in comparison with those obtained with sera from mice infected with a virulent P. brasiliensis isolate (Pb18) probed onto blots using the same preparation of the culture filtrate antigen from isolate B-339 (Ag-vir). 2 Antigen preparations from both virulent and low virulence isolates, when stained with India ink, after sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), showed 38-40 bands ranging from 10 to 82 kD. The major antigen band referred to in this work as 43 kD appeared in all blots with Ag-vir as a typical diffuse band ranging from 43 to 47 kD, while the blots with Ag-low showed three distinct bands at 43, 45, and 47 kD (Figure 1 ).
Ag-vir as a target for anti-P. brasiliensis antibodies produced in mice inoculated with low virulence isolate. In general, immunoblots of sera from mice infected with the low virulence P. brasiliensis isolate showed differences in the intensities of the bands when compared with those obtained from animals infected with the virulent isolate (Figures 2 and 3) . When mice were infected with the virulent isolate, the reactions of IgG, IgM, or IgA with most antigen bands were clearly more intense, indicating that antibodies reactive with those bands were produced at much higher levels. Moreover, when the mouse strain was the susceptible one, a greater number of antigen bands was revealed than when the resistant strain was used.
Sera from both mouse strains inoculated with the low virulent isolate showed IgG antibodies reactive with 13 of the 16 major antigen bands previously characterized. 2 However, IgG responses were not detected to bands at 1) 49 kD in the resistant strain, 2) 41.5 and 30 kD in the susceptible animals, and 3) 82, 77, and 26 kD in both strains of mice ( IgM antibodies were produced by both mouse strains to major bands at 62, 43, 41.5, 27.5, 12, and 11 kD; in addition to these bands, susceptible mice also had IgM antibodies reactive with 49-and 36-kD bands. The IgM antibodies that reacted with some low molecular mass major bands (26, 21.5, 17, and 15.5 kD) were never detected in resistant or in susceptible mice (Table 2 ). When infected with the viru- lent isolate, susceptible and resistant mice produced IgM reactive with 11 and 15 major antigen bands, respectively. In terms of the intermediate antigen bands, only susceptible mice infected with the low virulence isolate produced IgM reactive with to a unique band at 32 kD. The reactivity of sera from animals infected with the virulent P. brasiliensis isolate was different; the A/Sn mice were reactive with six intermediate bands and the B10.A mice with 11 bands, and none showed IgM reacting with the 32-kD band (Table 2) . Table 3 shows that resistant mice inoculated with the low virulence isolate produced the poorest IgA response, with their sera reacting only with the two most frequently seen major antigen bands (62 and 43 kD); those mice infected with the virulent isolate showed IgA reactive with seven major bands. Sera from susceptible animals inoculated with the low virulent isolate contained IgA antibodies to seven (82, 62, 49, 43, 41.5, 36, and 27.5 kD) of 11 major antigen bands recognized by sera from mice infected with the virulent isolate. With regard to the intermediate bands, IgA was not produced except to the band at 32 kD, and was shown only with sera from susceptible mice. Nevertheless, when animals were infected with the highly virulent isolate, IgA antibodies reactive with 10 and four intermediate bands were detected in the sera from susceptible and resistant mice, respectively (Table 3) .
Ag-low as target for anti-P. brasiliensis antibodies produced in mice infected with either the virulent or low virulence isolates. Ag-low blotted onto nitrocellulose membranes was stained with India ink and showed an antigen banding pattern similar to that of blots of Ag-vir (Figure 1) . Sera from both strains of mice infected with virulent isolate were able to react with all major and intermediate bands in blots with Ag-vir but reacted with only 30% of the bands when tested in blots with Ag-low (Figure 4) . In those blots, sera from susceptible and resistant strains, irrespective of the infecting fungus isolate, failed to react with the major bands at 82, 30, 27.5, 21.5, 15.5, 11, and 10 kD for any of the isotypes tested (IgM, IgG and IgA); these sera were found to contain antibodies reactive only with nine major antigen bands (including gp43) and with the intermediate bands at 70, 66, 56, 53, 51, 45 and 39 kD. Antibodies to these intermediate bands were also seen using the same sera on blots of Ag-vir, but not to the antigens at 66 and 51 kD, which were missing on these blots.
Comparison of all immunoblottings (Ag-vir and Ag-low) of sera from mice infected with the virulent and low virulence isolates showed that the reactivity pattern of the major antigen bands did not discriminate the repertoire of antibodies produced in response to isolates differing in their virulence as did the intermediate antigen bands. In fact, bands at 79, 75, 73, 70, 68, 56, 53, 39, 33, 24, 23, 22, 20, and 12.5 kD were found to be antigenic components reactive exclusively with antibodies produced in response to infection with the highly virulent isolate of P. brasiliensis.
DISCUSSION
The production of specific antibodies during the course of human and experimental paracoccidioidomycosis is directly related to the severity of the disease. The IgG isotype levels are significantly elevated in the disseminated, progressive, and chronic forms of the disease. 9 Casotto found that sera from patients with this disease had antibodies reactive with 38 antigenic components of cellular extracts of P. brasiliensis. 10 Nevertheless, no correlation between the clinical form of paracoccidioidomycosis and the presence of antibodies to a particular P. brasiliensis antigen was found. 11 In a previous study using a murine model of paracoccidioidomycosis, 51 components of exocellular antigen were found to react with sera from mice infected with a highly virulent P. brasiliensis isolate; 16 of these were characterized as major antigen bands based on the high frequency of antibodies to them. 2 The antibody repertoire produced by B10.A and A/Sn mice was quite similar. However, some differences were noted: susceptible strain produced IgM to low molecular mass components (Ͻ 17kD) that were not detected in the resistant mice; the incidence of anti-41.5-kD and anti-12-kD IgM and anti-62-kD IgG was higher in the resistant mice. The incidence of anti-26-kD and anti-15.5-kD IgM and anti-67-kD IgG was also higher in the susceptible animals.
In the present study, we investigated the IgG, IgM, and IgA anti-P. brasiliensis responses produced in susceptible (B10.A) and resistant (A/Sn) mice inoculated with a low virulent isolate (Pb265). Sera were tested on blots using the same antigen preparation (Ag-vir, B-339) used for testing sera from mice infected with virulent isolate. Both strains of mice in the entire course of 16 weeks of the infection produced IgG antibodies to 13 of the 16 major antigen bands and showed a similar recognition pattern as sera from mice infected with the highly virulent isolate. 2 However, differences were observed in the intensity of the antigen bands, indicating differences in the amount of the bound antibody. This indicated differences in the levels of these antibodies. Some of the bands, although seen with both sera (from mice infected with virulent and low virulence isolates), were clearly more intense when reacted with sera from mice infected with virulent isolate. This suggested much higher levels of specific antibodies in these sera. A different pattern was observed with the reaction to components interposed among major bands, the intermediate antigen bands. The IgG antibodies in sera from susceptible and resistant mice inoculated with the low virulence isolate recognized only 15 of the antigen components, while sera from animals infected with the virulent isolate 2 reacted with 29. Since Ag-low and Ag-vir blotted onto nitrocellulose membranes and stained with India ink revealed the same banding pattern, inoculation of the low virulence P. brasiliensis isolate stimulated in both strains of mice the production of a limited antibody repertoire compared with that observed in the infection with a virulent isolate.
The recognition pattern of IgM anti-P. brasiliensis produced by B10.A and A/Sn mice inoculated with the low virulence isolate in the course of 16 weeks of infection was similar to that observed in nude mice infected with a virulent isolate; in both cases, IgM antibodies to only six T cellindependent antigens (62, 43, 41.5, 30, 27.5, and 12 kD) were produced. 12 The B10.A and A/Sn mice have their T cell component intact and produced in response to the virulent P. brasiliensis isolate IgM antibodies to 23 antigen bands (T cell-dependent and T cell-independent antigens). 2, 12 The IgM response to only a few T cell-independent antigens in both strains of mice inoculated with the low virulence isolate seems to be due both to a lower immunogenicity of the antigens in this P. brasiliensis isolate and to a lower activation of the T cell-dependent component because of faster elimination of the nonvirulent isolates from infected animals.
The IgA antibodies to low virulence P. brasiliensis components were produced mostly to T cell independent major antigens: the susceptible strain produced IgA to seven of these antigen bands and to one at 36 kD that was shown to be a T cell-dependent antigen; resistant mice produced IgA to only two T cell-independent major antigens (62 and 43 kD). 12 When the infecting isolate was virulent, IgA to seven T cell-independent major antigens was produced by the resistant mice; sera from the susceptible strain reacted with 11 major bands, three of which were T-cell dependent antigens (21.5, 17, and 15.5 kD). It is interesting to note that IgA reactive with T cell-dependent antigens with molecular masses of 36, 21.5, 17, and 15.5 kD were found exclusively in the susceptible mouse strain response. The presence of such antibodies only in the susceptible strain and not the resistant one could mean a different role of T lymphocytes in the activation process of B cells. Transforming growth factor-␤, a cytokine released by several cells including T cells and macrophages, plays a role in the isotype switching that results in B cells differentiating into IgA-secreting cells, and has been associated with susceptibility to leishmanial infection when its production is increased. 13 Blots of Ag-vir showed that the 43-kD major antigen band was seen in all experiments as a typical diffuse band (43-47 kD) that included gp-43, the immunodominant antigen of P. brasiliensis. 14 Blots of Ag-low (Pb265) tested with the same sera from B10.A and A/Sn mice showed three distinct bands at 43, 45, and 47 kD. Using cellular extracts of P. brasiliensis in the immunoblotting, Casotto found antigens of 45 kD and 48 kD reactive with antibodies present in patient sera and suggested that the 45-kD component could be the same molecular species as gp-43. 10 Furthermore, data on a cellular 45-kD antigen reactive with 90.6% of patient sera could not demonstrate that this molecule differs from gp-43. 15 It is important to note that the differences in the recognition pattern of antibodies present in any sera (in the immunoblotting procedure) can only be established if the antigen preparation is obtained from a well-characterized and standardized isolate of the fungus. As seen in the present study, antibodies to P. brasiliensis from both strains of mice infected with the virulent isolate reacted with many protein bands on blots of Ag-vir and much less with bands on blots of Ag-low, although both antigen preparations have shown the same number of antigen bands when analyzed by SDS-PAGE. Indeed, Vaz and others had already shown that when two different Ag-vir (B-339 and Pb18) and Ag-low (Pb265 and Pb18AV) preparations were electrophoresed, blotted, and tested with a rabbit serum anti-gp43 derived from one of the Ag-vir (B-339) preparations, anti-gp43 reacted with both Ag-vir preparations but failed to react with both Aglow preparations. 16 In this case and also in the present study, it is quite probable that some components of Ag-vir, although having the same molecular mass components as Aglow, may be carrying different epitopes that could be immunogenic in the virulent isolate and not in the one with low virulence.
When the recognition pattern of anti-P. brasiliensis antibodies produced by infected mice was first determined, the major antigen bands were distinguished from intermediate bands because the former were present at a high frequency and some of them could differentiate susceptible from resistant mice 2 . In the present work, in which differences in the recognition patterns of antibodies to virulent and nonvirulent P. brasiliensis isolates were being investigated, it became clear that major bands could not differentiate virulent strains from nonvirulent ones. Nevertheless, the intermediate antigen bands were found to be the ones that can discriminate the repertoires used by susceptible and resistant mice stimulated with isolates differing in their virulence.
Susceptible and resistant mice infected with the low virulence isolate (Pb265) did not produce any of the isotypes reactive with intermediate bands (79, 75, 73, 70, 68, 56 , 53, 39, 33, 24, 23, 22, 20, and 12.5 kD). The reactivity of IgG antibodies with these antigenic components was present exclusively in mice sera that responded to infection with the highly virulent P. brasiliensis isolate. Studies on the immunochemical characterization of some of these proteins and their relationship to P. brasiliensis virulence are underway in our laboratory.
